The system trihexyl(tetradecyl)phosphonium ([P 66614 ]Cl)/mercury chloride (HgCl 2 ) has been investigated by varying the stoichiometric ratios from 4:1 to 1:2 (25, 50, 75, 100, 150, and 200 mol % HgCl 2 ). All investigated compositions turn out to give rise to ionic liquids (ILs) at room temperature. The prepared ionic liquids offer the possibility to study the structurally and compositionally versatile chloromercurates in a liquid state at low temperatures in the absence of solvents. [P 66614 
■ INTRODUCTION
Mercury is a very toxic element in all its oxidation states and is ubiquitous in the environment. It poses a danger to life especially in its organic form, such as methyl-and dimethylmercury, 1 and to metal parts of industrial equipment because of amalgamation.
2 Large amounts of mercury are emitted into the atmosphere by natural processes such as volcanic eruptions, but anthropogenic sources (fossil fuels, mining, etc.) account for half of the contemporary pollution from this element. 3 In recent years, much research has been dedicated to develop technologies that either help to avoid mercury in industrial processes or to detect Hg even in very low concentrations. 4, 5 Even the field of ionic liquids (ILs, commonly defined as salts which melt below 100°C) 6 has addressed the study of mercury, for example, in the determination 7 and speciation, 8 in water, as well as, separation of Hg(II) from water 9−13 and other media. 14 The detection of mercury cations with task-specific ILs 15 or with complexants encapsulated in cellulose regenerated from ILs 16 are further examples of recently published studies.
Chloromercurates are known for their structural versatility, 17 and to date it is not possible to predict the actual identity of the chloromercurate species in the solid state from the compound's stoichiometry alone. For example, when the stoichiometry is set to form a [HgCl 3 ] − anion, it is rare to obtain the corresponding monoanion. 18 Dimeric 19 and several polymeric species (e.g., [2 + 4] n , 20 [3 + 2] n 21 chains) form more easily. The identity of the cation (size, hydrogen bonding ability, etc.) seems to be the most influential parameter. 17 The nuclearity/degree of condensation of chloromercurate anions in the solid state depends to some extent on the preparation method of the compound, for example, the presence or absence of a solvent. However, if the stoichiometric ratio is set to form [HgCl 4 ] 2− , the most often encountered species is the dianionic monomer.
The variability of chloromercurate anions is of special interest because in the liquid state they might behave in an even more structurally flexible manner than in the solid state. The equilibrium between many different anions existing in parallel may even suppress melting points and prevent crystallization. For example, octahedrally coordinated Hg(II) is an often encountered structural motif in the solid state, forming, for example, infinite chains of edge sharing entities. It is conceivable that in the liquid state these infinite chains might interact with each other, forming dynamic, perpetually changing polyanions. One might take advantage of this dynamic situation to prepare a new series of ILs. It is also conceivable that liquid salts could be formed which contain a variety of other metals in addition to the Hg, for example, Zn or Al. The structural versatility of complex Hg anions, as well as, the partial substitution of Hg with other metals almost certainly results in a large variety of anionic species.
ILs have gained much attention in the last two decades, mainly because they can have extremely low vapor pressures and possess an inherent tunability and versatility. Initially developed as electrolytes and solvents, they are now under scrutiny as liquid materials for many applications, for example, as magnetic fluids, 22 n− (with X = halide and M = Al, Zn, Co, Cu, Mn, Fe, Gd, Sn, Ni, Pt, Nb, Au, Ta, Hf, Zr, Ga, In, Nb, Re, Pb, lanthanides, 52 etc.). A paper about the solubility of HgCl 2 and other salts in imidazolium-based ILs was published by Branco et al., 53 and Manan et al. recently published a paper discussing the electrochemistry of HgCl 2 in a variety of imidazolium ILs, with emphasis on the speciation of Hg-containing anions in [C 4 mim][NTf 2 ]/[C 4 mim]Cl-mixtures. 54 [P 66614 ]Cl (marketed as CYPHOS IL 101) immobilized in alginate was described by Guibal et al. as a useful extractant for metal ions, including Hg(II), from aqueous solutions. 55 , 56 Zhang et al., following a similar approach using a PVA-alginate supported IL, also extracted Hg(II) from water. 57 [P 66614 ]Cl was later described by Regel-Rosocka et al. for the extraction of Zn and Fe ions from acidic aqueous solutions. 58 A paper recently published by Vander Hoogerstraete et al. also underlines the potential of [P 66614 ]Cl to interact with metal species. 59 Extracting a heavy metal cation from an aqueous phase often requires the presence of an expensive complexing agent such as CMPO, calixarenes, etc.; however, with a (task specific) hydrophobic IL having an anion that can form stable charged complexes with the metal cation, no additional complexant is required to remove at least a portion of the metal ions present. 10 199 Hg NMR. They observed a pronounced difference in chemical shift between tetrahedrally and octahedrally coordinated metal centers, while the effects of the other parameters were less pronounced but still clearly visible.
Metallate anions described in the literature usually are formed by contacting a metal halide with a halide salt to obtain the complexed metal anion. The same principle is followed by dissolving a metal chloride in an IL with chloride as anion. Hg 2+ has a pronounced affinity for chloride, as a large number of papers discussing crystal structures with this class of anions prove. 17 It therefore appears safe to assume that the dissolution of HgCl 2 in [P 66614 ]Cl involves complexation of the metal cation by the chloride anion.
In order to develop useful systems and methodologies for the extraction of mercury and other metals into ILs, as well as, their subsequent removal from the ILs, it is important to understand how the metal content affects the physical properties (e.g., viscosity and density) of the IL with increasing metal content. 67 This information can be used to design metal recovery processes with increased extraction efficiency. Simple and fast approaches to quantification of the dissolved metal are also of interest.
In this paper, we present a group of new, room temperature ILs with a phosphonium cation and chloromercurate anions that have been designed to gain further knowledge about changes in the IL's properties as a function of the Hg content. Six different molar ratios of [P 66614 ]Cl and HgCl 2 were investigated. The synthesis, characterization, and physical properties as a function of Hg content are reported here.
■ EXPERIMENTAL SECTION Materials. [P 66614 ]Cl was donated by Cytec, Niagara Falls, Canada, and was dried under high vacuum conditions at <1 mbar and 50°C for several hours before use. HgCl 2 was purchased from Aldrich Chemical Co. (Dorset, UK) or Fluka AG (Buchs, CH) and was used as received.
Synthesis. To the carefully dried (by HV, < 1 mbar) [P 66614 ]Cl (residual water content 0.015% determined by Coulometric Karl Fischer titration), the appropriate amount of HgCl 2 (used as received) was added, and the mixtures were stirred overnight at room temperature under ambient conditions in a closed vial. The two samples with the highest Hg content had to be heated to 35°C to achieve complete dissolution of the added solid, and the solutions stayed clear after cooling to room temperature. While the ILs with low Hg content remained colorless, a faint yellow color appeared in the sample with a 1:1 molar ratio of the two starting materials. This color intensified with increasing amount of HgCl 2 , and the sample with 2 mol equiv was brownish yellow. During attempts to further increase the amount of dissolved HgCl 2 by increasing the temperature to 90°C
, it was observed that HgCl 2 sublimed from the liquid. The same observation was made when the two samples with the highest Hg content were heated to 50°C in an oil bath while a high vacuum (<1 mbar) was applied.
All ILs described in this paper were dried on HV (<1 mbar) and analyzed by IR (see Supporting Information) prior to density and viscosity measurements. Since Coulometric Karl Fischer titration cannot be performed on these substances without precipitating Hgcontaining species inside the titrator, the water content was estimated to be lower than 100 ppm by IR spectroscopy, which did not show any traces of water (see Supporting Information). The data on the viscosity and density of [P 66614 ]Cl were taken from a recent paper published by Neves et al. 68 Characterization.
199
Hg NMR data on all reaction products were collected from the neat samples, on a Bruker (Coventry, UK) 500DRX spectrometer with 1.0 M HgCl 2 in DMSO-d 6 as external standard. The standard signal was assigned to −1501 ppm according to the literature. 69 1 H NMR (300 MHz), 13 ): 2955s, 2924s, 2854s, 1465m, 1378w, 1301w, 1212w, 1111w, 809w, 719m. When subjected to heat (90°C) or HV (50°C, < 1 mbar), HgCl 2 sublimation was observed.
■ DISCUSSION Scheme 1 presents an overview of the different compositions that were investigated in the [P 66614 ]Cl/HgCl 2 system, and Table 1 provides the analytical data obtained for each. For easy comparison throughout the discussion, the spectroscopic data for (1)−(6) are compared visually in Figures 1−4 . Each ionic liquid is described in detail below.
The observed UV−vis absorptions are attributed to a Hg−Cl charge transfer. The absorption maxima of (1) and (2) . The peaks of (3) and (4) are very close to each other (239 and 241 nm, respectively). The peak maximum for (3) lies exactly in the middle of the peak positions of (2) and (4). This points to a fast chloride exchange between the two anionic species observed by Raman in (3), and the peak maximum of (4) 199 Hg NMR (Figure 1) , and a sharp and narrow peak was observed at −1120 ppm compared to the standard. The 199 Hg NMR of (1) shows essentially the same (Figure 3) . The peak at 2930 cm −1 starts transforming from a shoulder to a real peak with the addition of 0.25 equiv of HgCl 2 , and this change is more pronounced for larger amounts of the mercury compound. However, adding more than 1 equiv of HgCl 2 does not result in further changes to the shape of this peak. This shape-transforming band has been described as the ν s (CH 3 ) FR mode by Larsson and Rand, 78 who attributed an increase in its intensity to an increased disorder in the alkane assemblies. This disorder might stem from the fact that the bigger chloromercurate anion is attracted to a somewhat lesser extent to the cation by electrostatic forces and therefore has a decreased influence on the structuring of the cation's alkyl chains. An increase in this peak's intensity compared to the ν s (CH 2 ) mode at 2850 cm −1 later was correlated to intermolecular coupling of alkane chains by Snyder et al. 79 Therefore we can assume that the addition of HgCl 2 leads to a significant change in the overall conformation of the parent IL's cation. Furthermore, the peak at 2892 cm −1 (ν a (CH 2 )) from the original IL, a peak with an adjacent shoulder, transforms and shifts with an increasing amount of HgCl 2 . This peak's maximum for the phosphonium chloromercurates is shifted to 2900−2904 cm −1 with an increasing amount of HgCl 2 . As pointed out by Fraser et al., 80 [P 66614 ]Cl is best described as a liquid ion pair, with the anion situated close to the cation and hence fitting in the cavities created by the interactions of the alkyl chains with each other. Our results obtained by Raman spectroscopy indicate that this proximity is decreased when the chloride anion binds to the Hg center. The bigger anionic species formed is attracted to the cation to a much lesser extent and therefore interrupts to a certain degree the order of the alkyl chains, leading to pronounced changes in the ILs' internal conformation. Chloromercurates can be observed in the UV− vis range of the electromagnetic spectrum (Figure 4) composition consists of ionic species only and hence qualifies as an IL.
[P 66614 ] 2 [HgCl 4 ] (2). The most notable feature of this compound is its very high viscosity of 51200 cP at 293 K, which is indicative of a highly charged ion, which would be expected from the stoichiometry. The 199 Hg NMR of this compound showed a peak at −1129 ppm relative to the standard at −1501 ppm, see Figure 1 , second from top. The chemical shift found for (2) fits well with those published by Bharara 72 199 Hg NMR spectrum only shows one broad peak of low intensity with a maximum at −1118 ppm (Figure 1 , third from top), which indicates a fast chloride exchange between the two different anions on the NMR time , and this feature indicates that the two different anions share their chlorideligands and hence have at the same time a tetrahedral coordination and are oligomers or polymers. Polynuclear {MCl x } n − species give very broad signals at room temperature, as was observed by Hardacre et al. for Ga-based ILs, 41 and by others for Al-based ILs. 81 It is thus assumed that in this ionic liquid the polyanionic Hg species are predominant. Raman spectroscopy clearly identifies two different anionic species. As it operates on a faster time scale compared to NMR spectroscopy, it is possible to distinguish between species that form adducts on the NMR time scale. Two distinct peaks (282 and 262 cm 4− salt and attribute this observation to a distortion of HgCl 6 octahedra present in their crystal. 82 Another possible interpretation of this finding would be that heating this particular anionic species leads to a split of their anion and the subsequent formation of the two anionic species we find in our product. It could be imagined, however, that the two species observed in our IL will eventually condense two a single species, thereby merging the peaks observed in the Raman spectrum. UV−vis spectroscopy of the 2:1 mixture of {HgCl 3 Hg NMR spectrum showed a broad peak of low intensity with maximum at −1197 ppm (Figure 1, fourth from top) . The broad signal suggests the presence of a distribution of several complex polyanions with a similar local coordination. It is likely that aside from [HgCl 3 ] − species of the type {HgCl 3 } n n− (with n > 1) form. Thus, a complex equilibrium of different polyanions is envisioned. This hypothesis is backed by NMR studies at elevated temperature. At 50°C a single well-defined peak is observed; see Supporting Information. The peak narrowing could arise from the thermal breakup of the polynuclear species to a single anionic species or due to the reduced viscosity at higher temperatures. However, compound (2) produces a well-defined peak despite being very viscous. Both effects may play a role though. At room temperature, the broad peak observed is similar only to the mixture of [HgCl 4 ] 2− and {HgCl 3 } − species in liquid (3) (vide supra). Numerous crystal structures with an anion of this composition support our hypothesis, and House et al. − cannot be excluded though. The observed signal is almost twice as broad as that of the [HgCl 4 ] 2− anion. This also could reflect the oligomeric/polynuclear character of the {HgCl 3 } − anion. Because of the broader shape of this peak, it seems likely that some higher aggregates, for example, dimers or trimers and higher, form to a noticeable extent. UV−vis spectroscopy produced a single peak at 241 nm for the compound [P 66614 ]{HgCl 3 }, with an identical peak shape as the other compositions. This indicates that the polynuclear anion breaks up in acetonitrile solution under the conditions applied (room temperature). Interestingly, further addition of HgCl 2 does not result in a continued peak shift, so that we can assume that [HgCl 3 ] − is the only structural unit present in acetonitrile solution, apart from HgCl 2 , which is featureless in the range measured. 199 Hg NMR of this reaction product gave a chemical shift of −1265 ppm relative to the standard, see Figure 1 , continuing the trend to increasingly negative chemical shifts with increasing HgCl 2 content. Because the 199 Hg NMR only shows a single peak, it can be anticipated that there is a rapid exchange of the chloride anions between the Hg atoms, 84 as observed by Godfrey et al. for aqueous solutions of HgCl 2 in the presence of LiCl. 85 In fact, this anion can be thought of as a complex of two monomeric [HgCl 3 ] − anions bridged by a molecular HgCl 2 molecule, as already described by Nockemann et al. 86 and Loukil et al. 87 for crystal structures based on the [Hg 3 Cl 8 ] 2− anion. The fact that HgCl 2 can be removed from 5 by heating to 90°C supports this hypothesis. The Raman spectrum of 5 shows a peak with a maximum at 286 cm −1 and a shoulder at 298−306 cm , and the shoulder could stem from weakly coordinated HgCl 2 (literature value 314 cm −1 ). 88 Because this shoulder is absent in the compositions with lower Hg content, it can be concluded that no isolated HgCl 2 units are present there. Data from UV− vis spectroscopy also supports the assumption that, in solution, [Hg 3 Cl 8 ] 2− consists of two [HgCl 3 ] − units which weakly coordinate a HgCl 2 molecule. The absorption maximum is at the same wavelength as the [P 66614 ]{HgCl 3 } compound. The spectroscopic data combined with the fact that the material loses HgCl 2 by sublimation when heated in a vacuum supports the assumption that weakly coordinated HgCl 2 is present in this liquid. It is thus conceivable that (5) (6) . This reaction product shows the lowest viscosity, highest density, and the most intense color. The recorded 199 Hg NMR shows a sharp peak at −1328 ppm (Figure 1, bottom) . No literature value was found for comparison on this species. The chemical shift does, however, follow the trend to lower values with increasing Hg content, suggesting that more and more HgCl 2 is present in a weakly coordinated form with increasing amounts of HgCl 2 added to the parent IL. The structure of this anion thus is likely to consist of a HgCl 2 weakly coordinated to a [HgCl 3 ]
71
− anion, which explains the relative proximity to the standard, the sharp peak, as well as the readiness with which it sublimes HgCl 2 when heated to 90°C or when subjected to a high vacuum at 50°C. It is thus conceivable that (6) exists as an IL at lower temperatures only and gradually changes into HgCl 2 dissolved in [P 66614 ]{HgCl 3 } at sufficiently high temperature, just like (5) (vide supra). Because of the increasing coloration of the liquid obtained, the Raman-spectrometer used reached its limits; the more intense colored (6) Hg NMR: Chemical Shift As a Function of Hg Content. Additional support for the above assignments can be found by plotting the chemical shifts of 199 Hg versus the mole fraction of Hg present ( Figure 5 ). For the first three reaction products with the lowest Hg contents, there is only a very slight change in the chemical shift, while from liquid (3) to liquid (6) there is a pronounced change in chemical shift with increasing Hg content. The similarity of the chemical shifts for liquids (1) and (2) points to a similarity in the chloromercurate anion's structure, which is what would be expected if (1) . Upon further addition of HgCl 2 , however, a relatively drastic change in the chemical shift is observed which suggests a profound change in the coordination of the Hg(II). The observed changes might result from the anions present in (3) undergoing a structural change upon further addition of HgCl 2 . Any further addition of HgCl 2 to (4) continues to change the chemical shift of the 199 Hg nucleus, and the anion's structure undergoes a structural change from polynuclear arrangements, likely to the better defined bi-and trinuclear anionic species. The chloride coordination of the Hg(II), as well as the ratio chloride/Hg(II), is subject to drastic changes, which decreases with each further addition of HgCl 2 . The chemical shifts of the 199 Hg thus represent the effects of two different factors: one being the coordination number of the Hg(II), the other being the transition from mononuclear species to polynuclear species and the further transition to biand trinuclear species. This could support a change in the coordination sphere around the Hg center, perhaps from an octahedral environment to a tetrahedral environment or vice versa. In both cases, the separation of the oxidation and reduction peak is too large for a reversible electrochemical reaction (Figures 6 and 7 ). The peak with the assignment OCl describes the irreversible oxidation of the Cl − to chlorine (2Cl − → Cl 2 + 2e − ). The observation that with increasing HgCl 2 content a decrease of the halfwave potential toward more negative values is observed corresponds well with the chemical shift to the high field region of the 199 Hg NMR-spectra. This shift of the reduction and oxidation potentials to more negative values with increasing HgCl 2 can be attributed to the decreased electron density around the mercury cation with less chloride per mercury cation being present leading to a diminished readiness for the cation to be reduced. Figure 8 shows a graphical overview on the electrochemical data vs Hg content of all compounds prepared.
Physical Properties. The viscosity and density data are compared visually in Figures 9−11. These are described individually below. (2), (4), (5), (6) , and the Parent IL. All prepared [P 66614 ] + chloromercurates are room temperature ILs with medium to very high viscosities. The highest viscosity was observed for (2), the second highest was for the most likely polynuclear compound (4), and the lowest was for (6) . The observation that the IL with [HgCl 4 ] 2− anions is the most viscous is attributed to the double charge of the Figure 9 . Viscosities of the reaction products (2), (4), (5), and (6) Figure 10 . Arrhenius plots of the reaction products (2), (4), (5) 89 However, the overall viscosity of the phosphonium chloromercurates is high compared to these ILs.
Viscosity of Reaction Products
It is remarkable that the addition of further 0. 2− compound (2). Even more remarkable is that this trend is continued throughout each further addition of 0.5 equiv of HgCl 2 ( Figure 9 ). The temperature dependence of the viscosity follows the usual pattern observed for ILs and decreases exponentially with increasing temperature (Figure 9 ). IL (2) has a viscosity of 51200 cP at 293 K, and (4) has a viscosity of 14282 cP at the same temperature. Obviously, the doubly charged and comparably compact anion induces a much higher viscosity to the ionic liquid (2).
While the polynuclear {HgCl 3 } − anion still ensures a high viscosity, a more pronounced change is observed when adding more HgCl 2 to reach the [Hg 3 Cl 8 ] 2− stoichiometry. Despite its doubly charged (but voluminous) anion, the viscosity at 293 K is 2383 cP, which is nearly a 6-fold decrease compared to the {HgCl 3 } − species. This demonstrates that the electrostatic interactions between the ions are strongly dependent on the anion's structure. Additionally, the viscosity of reaction product (5) is similar to the viscosity of the parent IL. The effect of the two charges per anion is thus countered by the charge distribution over the bigger anionic species. From here, the viscosity drops upon further addition of another 0.5 equiv of HgCl 2 to 852 cP, again a decrease by roughly a factor of three. At higher temperatures, for example, 348 K, a similar trend is observable, with the viscosities changing from 1190 cP to 461.3 cP to 122.3 cP to 50.5 cP along the series of compositions investigated. If similar ILs are used in the future to extract Hg(II) ions from, for example, water, the viscosity of the extract at a given temperature can serve as a rough indicator to quantify the amount of Hg present in the IL.
Okoturo et al. published a paper on the viscosities of ILs, and they show that their chosen examples are well described by the Arrhenius model. 90 As for the chloromercurates described in this paper, plotting the logarithm of the viscosity against the inversed absolute temperature yields a straight line for each reaction product investigated ( Figure 10 ). As can be seen in the same figure, the slopes for the two compounds with lower Hg loading ([P 66614 ] 2 [HgCl 4 ] (2) and [P 66614 ]{HgCl 3 } (4)) are slightly steeper than the slopes of the other two examples, with the two lines being close to parallel for the two examples with lower loading and also close to parallel for the two examples with higher Hg loading. This might reflect the presence of rather weakly coordinated HgCl 2 for the compounds (5) and (6), which might act as an internal "lubricant" for the ionic species present.
Density. The densities of the prepared reaction products vs temperature are shown in Figure 11 . A similar trend as found for the viscosity was observed for the densities. The densities increase with metal content as observed for the [C 2 mim] + and [C 4 mim] + chloroaluminate ILs, but the increase in density with increasing metal content is more pronounced in the chloromercurates. This is perhaps not surprising given the generally much higher density of mercury compounds compared with similar aluminum compounds. The densities increase linearly with the metal content and decrease linearly with temperature. The highest value is thus found at room temperature for compound (6) which has a density of 1.53 g/ cm 3 .
■ OVERVIEW & CONCLUSIONS
(1) mixture of ions For the first time, room temperature ILs with chloromercurate-anions have been synthesized and characterized. From the data presented here and due to the inherent complexity of coordination units in chloromercurate anions, only limited conclusions about the true structure of the anionic species can be drawn. Compositions (1) and (2) are believed to be structurally, as well as thermally, stable up to their decomposition temperature. It is the opinion of the authors that the anionic structures of the other ionic liquids prepared ((3)−(6)) consist of a temperature-dependent complex variety of different structural motifs, in addition to monomeric forms. Figure 11 . Densities of the investigated reaction products (1) ) and a not welldefined anionic species, {HgCl 3 } − . One of the prepared compositions is best described as ILs with a single cation and anion species (2), and another one as a liquid with one cation and an anion which potentially is constituted of a variety of polynuclear aggregates (4) . The other reaction products also would count as mixtures of molecular (or rather weakly coordinated) HgCl 2 in the chloromercurate IL [P 66614 ]{HgCl 3 }, although at low enough temperatures these compositions could count as true ILs. These liquids are a borderline case of ionic liquids, with a portion of the HgCl 2 being too weakly coordinated to bear a charge, most likely dependent on temperature. When these two highly loaded liquids were heated in a high vacuum to 50°C or at ambient pressure to 90°C, dissolved HgCl 2 sublimed, supporting this conclusion.
Compared to the well-described chloroaluminate and other metal containing anions, similar trends in physical properties are observed, for example, the decrease in viscosity and increase in density with increasing metal content. The reported viscosity of [P 66614 ] 2 [HgCl 4 ] of 51200 cP at 293 K is also among the highest reported to date. The ILs' densities increase with HgCl 2 content, and a value of 1.53 g/cm −3 at 293 K was measured for [P 66614 ][Hg 2 Cl 5 ], the highest density of a phosphonium IL reported to date. Overall, the physical properties of the reported liquids are reminiscent of the "classic" chloroaluminates in that the changes observed upon increasing the HgCl 2 content mirror the changes observed in chloroaluminates with increasing amounts of AlCl 3 .
It is interesting to note that the density changes from lower than that of water to higher than that of water, even with only a small amount of HgCl 2 (from 0.5 equiv of HgCl 2 ) added. This could be advantageous if [P 66614 ]Cl is ever used to extract Hg(II) species from water in the presence of excess chloride, as a simple mixer settler system could be used. Thus, adding [P 66614 ]Cl to, for example, Hg(II)-contaminated seawater would rapidly form the denser and hydrophobic chloromercurate ILs presented in this paper, which then would conveniently separate by gravity.
Knowledge of this class of compounds might be of interest for applications such as Hg(II) removal from water, oil, or gas with chloride based ILs, as well as for spectroscopic investigations. Investigations as to the nature of the anionic species vs temperature could shed some light on the polynuclear anions' effect on crystallization suppression, and including other metal species into the polynuclear chloromercurate anions might lead to some novel and useful insights into halogen-metal coordination compounds. 
